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(57)Abstract: 

PURPOSE; To provide a semiconductor device and its 
manufacturing method wherein the adhesion between 
an upper layer wiring where a bonding pad part is 
formed and a layer insulating film turning to the base 
of the upper layer wiring is excellent, and the contact 
resistance between the upper layer wiring and a lower 
layer wiring can be restrained to be low, 
CONSTITUTION: An upper layer wiring where a 
bonding pad part 156 us formed constitutes a 
structure wherein a titanium nitride film 141a, a 
titanium film 142, a titanium nitride film 141b and an 
aluminum alloy film 143 are laminated on the upper 
surface of a layer insulating film 131. In a contact hole 
136, a titanium silicide film 144, the titanium film 142, 
the titanium nitride film 141b and the aluminum alloy 
film 143 are laminated. 
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CLAIMS 



[Claim(s)] 

[Claim l] The semiconductor device characterized 
by providing the following. The silicon substrate 
which has the field oxide film alternatively 
prepared in the front face. The lower layer wiring 
layer prepared in the aforementioned 
silicon-substrate front face at least, the connection 
which covers the aforementioned silicon substrate 
and the aforementioned lower layer wiring layer, 
and reaches a predetermined part at this lower 
layer wiring layer the layer insulation film 
which has a hole It has the laminated structure 
which comes to include this layer insulation film 
upper surface the titanium -nitride film of a wrap 
1st, a titanium film, the 2nd titanium nitride film, 
and an aluminum system metal membrane on the 
aforementioned layer insulation film upper 
surface at least directly, the aforementioned 
connection - this titanium film in a hole and 
this - the 2nd titanium -nitride film and thiB 
aluminum system metal membrane the laminated 
structure which it comes to contain at least, and a 
titanium-alloy film - and - this - the laminated 
structure which comes to contain the 2nd 
titanium -nitride film and this aluminum system 
metal membrane at least or a titanium alloy film, 
and this titanium film - and - this - the 2nd 
titanium -nitride film and this aluminum system 
metal membrane The bonding pad section which 
consists of this upper wiring portion exposed by 
opening and this opening which reach the 
aforementioned upper wiring in which the upper 
wiring which has the laminated structure which it 
comes to contain at least, and the aforementioned 
layer insulation film and the aforementioned 
upper wiring were formed by the wrap 
surface-protection film and the aforementioned 
surface-protection film. 

[Claim 2] The semiconductor device according to 
claim 1 characterized by the bird clapper from the 
silicon-oxide film with which the upper surface 
contains at least the nitrogen of the 
aforementioned layer insulation film which has 
not carried out a chemical bond to silicon. 
(Claim 3J The manufacture method of a 
semiconductor device characterized by providing 
the following. The process which forms a field 
oxide film alternatively on the surface of a silicon 
substrate. The process which forms a lower layer 
wiring layer in the aforementioned 
silicon -substrate front face at least. The process 
which form 8 a wrap layer insulation film for the 
aforementioned silicon substrate and the 
aforementioned lower layer wiring layer, and 
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forms the titanium nitride film of a wrap 1st for 
this layer insulation film. The predetermined 
titanium -nitride film and the aforementioned 
predetermined layer insulation film of the above 
1st of a part are **********ed one by one. the 
connection which reaches the aforementioned 
lower layer wiring layer with the process which 
forms a hole, and the process which forms a 
titanium film and the 2nd titanium -nitride film in 
the whole surface one by one, and forms an 
aluminum system metal membrane in the whole 
surface at least further The process of a 
predetermined part which ********** s the 
aforementioned aluminum system metal 
membrane at least, ********** g ^ ne 
titanium -nitride film of the above 2nd of a part 
further predetermined [ this ], the aforementioned 
titanium film, and the titanium-nitride film of the 
above 1st one by one, and forms the upper wiring, 
The process which forms a surface protection film 
in the whole surface, and forms opening which 
********** 8 surface-protection film of a 

predetermined part, and reaches the 
aforementioned upper wiring. 
[Claim 4] The manufacture method of a 
semiconductor device characterized by providing 
the following. The process which forms a field 
oxide film alternatively on the surface of a silicon 
substrate. The process which forms a lower layer 
wiring layer in the aforementioned 
silicon-substrate front face at least. The process 
which forms in the whole surface the layer 
insulation film with which the upper surface 
consists of a silicon-oxide film formed by the 
plasma CVD method which used silane system gas 
and d in itrogen oxide gas as the raw material at 
least, the process which processes the upper 
surface of the aforementioned layer insulation 
film by nitrogen plasma, and the connection which 
etches the aforementioned layer insulation film of 
a predetermined part, and reaches the 
aforementioned lower layer wiring layer - with 
the process which forms a hole The process which 
forms a titanium film and a titanium -nitride film 
in the whole surface one by one, and forms an 
aluminum system metal membrane in the whole 
surface at least further, The process which forms 
at least the aforementioned aluminum system 
metal membrane, the aforementioned 
titanium- nitride film and the process that 
**********s the aforementioned titanium film one 
by one at least, and forms the upper wiring, and 
opening which forms a surface -protection film in 
the whole surface, ********** s this 
surface-protection film of a predetermined part, 
and reaches the aforementioned upper wiring of a 
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predetermined part. 

[Claim 5] The manufacture method of a 
semiconductor device characterized by providing 
the following. The process which forms a field 
oxide film alternatively on the surface of a silicon 
substrate. The process which forms a lower layer 
wiring layer in the aforementioned 
silicon-substrate front face at least. The process 
which forms in the whole surface the layer 
insulation film with which the upper surface 
consists of a silicon-oxide film formed by the 
plasma CVD method which used silane system gas 
and dinitrogen- oxide gas as the raw material at 
least. the connection which etches the 
aforementioned layer insulation film of a 
predetermined part, and reaches the 
aforementioned lower layer wiring layer - with 
the process which forms a hole The process which 
heat-treats by forming a titanium film and a 
titanium nitride film in the whole surface one by 
one, The process which forms an aluminum 
system metal membrane in the whole surface at 
least, and a predetermined part at least The 
aforementioned aluminum system metal 
membrane, the aforementioned titanium nitride 
film, and the process that ********** s the 
aforementioned titanium film one by one at least, 
and forms the upper wiring. The process which 
forms a surface protection film in the whole 
surface, and forms opening which ******** ** 6 this 
surface-protection film of a predetermined part, 
and reaches the aforementioned upper wiring. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention) 
[0001] 

[Industrial Application) Especially this invention 
relates to the upper wiring with which the 
bonding pad section is prepared, and its 
manufacture method about a semiconductor 
device and its manufacture method. 
100021 

[Description of the Prior Art] The lower layer 
wiring layer (a diffusion layer, lower layer wiring, 
etc.) by which the semiconductor device formed in 
the silicon substrate was formed on the 
silicon-substrate front face or the silicon substrate, 
the connection which reaches the lower layer 
wiring layer in which these were prepared by the 
wrap layer insulation film and the layer insulation 
film with a hole (contact hole) It has the bonding 
pad section which comes to contain opening which 
reaches the upper wiring and the upper wiring in 
which the upper wiring and the layer insulation 
film were prepared by the wrap surface protection 
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film and the surface-protection film. As for the 
semiconductor device, only the diffusion layer is 
formed by (the lower layer wiring layer in this 
case consisting only of a diffusion layer) or the 
diffusion layer, and lower layer wiring (the lower 
layer wiring layer in this case consists of a 
diffusion layer and lower layer wiring), the contact 
which connects the upper wiring and a lower layer 
wiring layer when a lower layer wiring layer 
consists of a diffusion layer and lower layer wiring 
the contact whose hole connects the upper 
wiring and lower layer wiring at least - it has the 
hole The above-mentioned semiconductor device is 
carried in a package, and two or more external 
lead sections of this package and desired electrical 
installation are performed further. Two or more 
bonding pad sections of the size the area of whose 
prepared in the above-mentioned upper wiring is 
100 micrometer** grade are connected with each 
external lead section by the bonding line which 
consists of aluminum wire or a gold streak. 
[0003] In order to realize high integration of a 
semiconductor device, line breadth, such as the 
upper wiring, is reduced, this - following - 
contact • - in the pars basilaris ossis occipitalis of a 
hole, the barrier layer is prepared between the 
upper wiring and the lower layer wiring layer This 
is for suppressing the counter diffusion of the 
conductor film which constitutes the upper wiring, 
and the conductor matter which constitutes a 
lower layer wiring layer. Moreover, the upper 
wiring which makes an aluminum system metal a 
subject, for example is constituted by the cascade 
screen of a high-mclting point metal membrane or 
a refractory-metal alloy film, and an aluminum 
system metal membrane in order to raise stress 
migration resistance (and electro migration 
resistance). In this case, the high melting point 
metal membrane or the refractory-metal alloy film 
touches the upper surface of a layer insulation 
film, and directly. At the upper wiring which 
consists of such a laminated structure, it needs to 
be considered for the bonding pad section at the 
time of connecting the bonding (it consisting of 
aluminum-wire or gold streak) line for connecting 
with an external lead. When connecting the 
above-mentioned bonding line, this being a point 
about covering nature with a layer insulation film, 
the above-mentioned high-melting point metal 
membrane which constitutes the upper wiring, or 
a refractory-metal alloy film, and adding 
supersonic oscillation to the above-mentioned 
bonding pad section, the upper wiring of this 
portion may separate from a layer insulation film. 
One of the solutions to this problem is indicated by 
JP,3-127843,A. 
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[0004] If dra wing 9 which is the cross section of a 
semiconductor device is referred to, the structure 
of a semiconductor device given 
[ above-mentioned ] in a open official report is as 
follows. The field oxide film 402 is formed in 
semiconductor substrate 401 front face. A wrap 
layer insulation film consists a field oxide film of a 
cascade screen of the wrap BPSG film 431 and the 
TEOS oxide film 433 directly in this field oxide 
film 402. The upper wiring is formed on the layer 
insulation film. Besides, layer wiring consists of a 
cascade screen of the titanium-nitride film 441 
and the aluminum film 443 which contact the 
TEOS oxide -film 433 upper surface directly. 
Besides, layer wiring is covered by the 
surface -protection film 451, and the bonding pad 
section 456 which comes to contain opening which 
reaches the aluminum film 443 prepared in the 
surface -protection film 451 is formed. According to 
such structure, peeling from the layer insulation 
film of the upper wiring in the bonding pad section 
456 at the time of connection of an 
above-mentioned bonding line is prevented. 
Moreover, by making a part for the management 
of a layer insulation film into the TEOS oxide film 
433 has described that the adhesion of the 
titanium nitride film 441 and a layer insulation 
film becomes high. 
10005] 

[Problemfe) to be Solved by the Invention] In case 
a semiconductor device given [ above-mentioned ] 
in a open official report connects a bonding line to 
the bonding pad section of the upper wiring, the 
problem that the upper wiring separates from a 
layer insulation film is solved, in this case, the 
contact which reaches the lower layer wiring layer 
prepared in the layer insulation film * in the pars 
basilaris ossis occipitalis of a hole, the 
titanium -nitride film which constitutes the upper 
wiring has the structure of contacting a lower 
layer wiring layer and directly however, the case 
where there is no titanium nitride film at such 
upper wiring of structure - comparing •• contact -■ 
contact resistance with this upper wiring and the 
lower layer wiring layer which are connected 
through a hole becomes high before and after 2 
figures 

[0006] The method of constituting the upper 
wiring from structure which contained at least the 
cascade screen of three layers which consists of 
the titanium film, titanium -nitride film, and 
aluminum system metal membrane which contact 
the upper surface of a layer insulation film 
directly as a method of suppressing elevation of 
contact resistance is taken, the contact which 
reaches the lower layer wiring layer prepared in 
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the layer-insulation film in the upper wiring 
containing this three layer laminated structure - 
the titanium film or the titanium-alloy film 
(titanium and conductor matter which constitutes 
a lower layer wiring layer) which constitutes the 
upper wiring has the structure contact a lower 
layer wiring layer and directly, and a 
titanium nitride film has the structure where of it 
does not contact a lower layer wiring layer and 
directly, in the pars basilaris ossis occipitalis of a 
hole For this reason, elevation of contact 
resistance is suppressed. However, in the upper 
wiring containing such a three -layer laminated 
structure, in case a bonding line is connected to 
the bonding pad section of the upper wiring 
described previously, the problem that the upper 
wiring separates from a layer insulation film 
becomes very remarkable. 

[0007] This invention persons studied the cause 
which becomes that it is easy to separate from the 
layer insulation film of the upper wiring at the 
time of connecting a bonding line to the bonding 
pad section in the upper wiring containing the 
above-mentioned three-layer laminated structure, 
and reported to it in the 1993 spring, the 40th 
applied physics relation union lecture meeting, 
the collection of lecture drafts, and the 671st page 
(lecture number 29 p-ZY -3). 

[0008] Here, the measuring method of direct 
peeling depended on the strength (destructive 
bond tensile test) of MIL SUPEKUKKU and 
20 11. method 4 bond. A layer insulation film is the 
following three kinds. The BPSG film by the 
reduced pressure CVD (the LPCVD method) 
which set AiTEOS to one of the raw materials, the 
silicon-oxide film by the plasma CVD method 
which set B;TEOS to one of the raw materials, and 
C; the silicon-oxide film by the plasma CVD 
method which used si lane system gas and 
dinitrogen oxide gas as the raw material. 
Moreover, the ultrasonic bonding was used as the 
bonding method, using aluminum wire as a 
bonding line. Thus, when the peeling incidence 
rate by the above-mentioned method was 
compared to the obtained sample, the result of 
A:B:C=7.1%:0.7%:0.0% was obtained. This peeling 
incidence rate has the strong correlation with a 
load at the time of peeling generating in the 
scratch test, and this invention persons have 
obtained the result that there is no problem 
practically, if a load is 53g or more in value at the 
time of peeling generating in the scratch test. 
[0009] In addition, according to this invention 
persons' supplementary examination, when the 
upper wiring of the structure of the 
above-mentioned open official report is directly 
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formed in the upper surface of a BPSG film (that 
16, a layer insulation film consists only of a BPSG 
film), at the time of peeling generating in the 
scratch test, there is 90g or more of loads, and 
they have obtained the result that it is satisfactory 
practically. 

[0010] If drawing 10 which is the cross section of a 
semiconductor device is referred to, the structure 
of the sample used for the scratch test of the 
above-mentioned report etc. is as follows. The field 
oxide film 502 is formed in P type silicon* substrate 
501 front face, and this field oxide film 502 is 
covered with the layer insulation film 531 of about 
GOOnm of thickness. This layer insulation film is 
the following three kinds like the sample used for 
the above-mentioned peeling incidence rate. The 
BPSG film by the LPCVD method which set 
A;TEOS to one of the raw materials, the 
silicon-oxide film by the plasma CVD method 
which set B;TEOS to one of the raw materials, and 
C; the silicon-oxide film by the plasma CVD 
method which used silane system gas and 
dinitrogen -oxide gas as the raw material. After 
forming the sample of the above-mentioned 
structure, rapid heat treatment for nitrogen 
atmosphere, 650 degrees C, and 30 seconds (Rapid 
Theral AnnealingiRTA) was performed, and the 
scratch test was performed. When the peeling 
generating load by difference of the 
above-mentioned layer insulation film was 
compared, a result of A B:C=40.0g*50.2g:63.8g was 
brought. 

[0011] If the interface of the titanium film 542 of 
the sample of the above-mentioned structure and 
the layer insulation film 531 is measured by X-ray 
photoelectron spectroscopy (X-ray Electron 
Spectroscopy;XPS), titanium oxide (TiOX 
(X=2-alpha)) exists and it is this TiOX. The result 
that the number of counts (CPS) per for 1 second 
was dependent on composition of the layer 
insulation film 531 was obtained. TiOX TiOX 
formed in the interface of the titanium film 542 
and the layer insulation film 531 when drawing 1 1 
which is the graph which shows the relation 
between XPS intensity and the peeling generating 
load of the scratch test was referred to It became 
clear that the peeling generating load of the 
scratch test is large, so that there were few 
amounts. 

[0012] The purpose of this invention is to offer the 
semiconductor device (to put together as the 
composition structure of the upper wiring, and the 
composition structure of a layer insulation film 
especially) and its manufacture method of the 
structure [ adhesion with the layer insulation film 
used a6 the ground of the upper wiring with which 
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the bonding pad section is formed, and this upper 
wiring is good, and ] which can be low stopped by 
contact resistance with the upper wiring of a 
parenthesis, and a lower layer wiring layer. 
[0013] 

[Means for Solving the Problem] The silicon 
substrate which has the field oxide film by which 
the semiconductor device of this invention was 
alternatively formed in the front face, the 
connection which covers the lower layer wiring 
layer prepared in the above-mentioned 
silicon-substrate front face at least, and the 
above-mentioned silicon substrate and this lower 
layer wiring layer, and reaches a predetermined 
part at the above-mentioned lower layer wiring 
layer with the layer insulation film which has a 
hole It has the laminated structure which comes 
to include this layer insulation film upper surface 
the titanium nitride film of a wrap 1st, a titanium 
film, the 2nd titanium -nitride film, and an 
aluminum system metal membrane on the 
above-mentioned layer insulation film upper 
surface at least directly Furthermore the 
above-mentioned connection - a hole - this - a 
titanium film And this the 2nd titanium nitride 
film and this aluminum system metal membrane 
The laminated structure which comes at least to 
contain the laminated structure which it comes to 
contain at least, a titanium alloy film, this 2nd 
titanium -nitride film, and this aluminum system 
metal membrane or a titanium-alloy film, this 
titanium film and this 2nd titanium-nitride film, 
and this aluminum system metal membrane The 
upper wiring which has the laminated structure 
which it comes to contain at least and the 
above-mentioned layer insulation film and the 
above-mentioned upper wiring A wrap 
surface -protection film, It has opening which 
reaches the above-mentioned upper wiring formed 
in the above-mentioned surface -protection film, 
and the bonding pad section which consists of this 
upper wiring portion exposed by this opening. 
[0014] Preferably, the upper surface consists of a 
silicon oxide film containing the nitrogen of the 
above-mentioned layer insulation film which has 
not carried out a chemical bond to silicon at least. 
[0015] The 1st mode of the manufacture method of 
the semiconductor device of this invention The 
process which forms a field oxide film 
alternatively on the surface of a silicon substrate, 
The process which forms a lower layer wiring 
layer in the above mentioned silicon substrate 
front face at least, and the process which forms a 
wrap layer insulation film for the 
above-mentioned silicon substrate and the 
above-mentioned lower layer wiring layer, and 
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forms the titanium nitride film of a wrap 1st for 
this layer insulation film, The predetermined 
titanium nitride film and the above-mentioned 
predetermined layer insulation film of the above 
1st of a part are ********** e d one by one. the 
connection which reaches the above-mentioned 
lower layer wiring layer - with the process which 
forms a hole, and the process which forms a 
titanium film and the 2nd titanium-nitride film in 
the whole surface one by one, and forms an 
aluminum system metal membrane in the whole 
surface at least further The process of a 
predetermined part which ********** s the 
above-mentioned aluminum system metal 
membrane at least, ********** g 
titanium nitride film of the above 2nd of this 
predetermined part, the above-mentioned 
titanium film, and the titanium nitride film of the 
above 1st one by one further, and forms the upper 
wiring, It has the process which forms a 
surface-protection film in the whole surface, and 
forms opening which ********** s ^is 
surface -protection film of a predetermined part, 
and reaches the above-mentioned upper wiring. 
[0016] The 2nd mode of the manufacture method 
of the semiconductor device of this invention The 
process which forms a field oxide film 
alternatively on the surface of a silicon substrate, 
The process which forms a lower layer wiring 
layer in the above-mentioned silicon -substrate 
front face at least, and the process which forms in 
the whole surface the layer insulation film with 
which the upper surface consists of a silicon-oxide 
film formed by the plasma CVD method which 
used silane system gas and dirritrogen oxide gas 
as the raw material at least, the process which 
processes the upper surface of the 
above-mentioned layer insulation film by nitrogen 
plasma, and the connection which etches the 
above-mentioned layer insulation film of a 
predetermined part, and reaches the 
above-mentioned lower layer wiring layer •* with 
the process which forms a hole The process which 
forms a titanium film and a titanium nitride film 
in the whole surface one by one, and forms an 
aluminum system metal membrane in the whole 
surface at least further, A predetermined part at 
least The above-mentioned aluminum system 
metal membrane, the above-mentioned 
titanium -nitride film, and the process that 
**********s the above-mentioned titanium film 
one by one at least, and forms the upper wiring, It 
has the process which forms a surface -protection 
film in the whole surface, and forms opening 
which ********** s this surface -protection film of a 
predetermined part, and reaches the 
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above-mentioned upper wiring. 
[0017] The 3rd mode of the manufacture method of 
the semiconductor device of this invention The 
process which forms a field oxide film 
alternatively on the surface of a silicon substrate, 
The process which forms a lower layer wiring 
layer in the above-mentioned silicon -substrate 
front face at least, and the process which forms in 
the whole surface the layer insulation film with 
which the upper surface consists of a silicon-oxide 
film formed by the plasma CVD method which 
used silane system gas and dinitrogenoxide gas 
as the raw material at least, the connection which 
etches the above-mentioned layer insulation film 
of a predetermined part, and reaches the 
above-mentioned lower layer wiring layer ■- with 
the process which forms a hole The process which 
heat-treats by forming a titanium film and a 
titanium -nitride film in the whole surface one by 
one, The process which forms an aluminum 
system metal membrane in the whole surface at 
least, and a predetermined part at least The 
above-mentioned aluminum system metal 
membrane, the above-mentioned titanium -nitride 
film, and the process that ********** s the 
above-mentioned titanium film one by one at least, 
and forms the upper wiring, It has the process 
which forms a surface-protection film in the whole 
surface, and forms opening which ********** 8 this 
surface -protection film of a predetermined part, 
and reaches the above-mentioned upper wiring. 
[0018] 

[Examplel Next, this invention is explained with 
reference to a drawing. 

[0019] Reference of drawing 1 which is the cross 
section of the manufacturing process of a 
semiconductor device manufactures the let 
example of this invention as follows. 
[0020] First, the field oxide film 102 for isolation is 
alternatively formed in P type silicon- substrate 
101 front face, and it is N+. Type diffusion layer 
103 grade is formed. The lower layer wiring layer 
in this example is N-f . It consists of type diffusion 
layer 103 grade. Deposition and the layer 
insulation film 131 which a reflow is carried out 
and consists of this BPSG film are formed in the 
whole surface for the BPSG film of predetermined 
thickness. The method of forming this layer 
insulation film 131 is the LPCVD method which 
set TEOS to one of the raw materials. By reactive 
sputtering, titanium-nitride film 141a of about 
50nm of thickness which is the 1st 
titanium -nitride (TiN) film accumulates on the 
whole surface, next, well-known photolithography 
technology and RIE - using - N(it is lower layer 
wiring layer)+ the connection which reaches type 
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diffusion layer 103 grade •* the contact which is a 
hole a hole 136 is formed • [ drawing 1 (a)] In 
addition, as a layer insulation film, it may not be 
limited to a BPSG film and a silicon-oxide film, an 
oxidization silicon nitride film, silicon nitride films, 
or these cascade screens are sufficient. 
[0021] Next, titanium-nitride film 141b of about 
lOOnm of thickness which is the titanium (Ti) film 

142 of about 30nm of thickness and the 2nd 
titanium -nitride film accumulates on the whole 
surface continuously by sputtering and reactive 
sputtering. then, alloying processing at 
predetermined temperature carries out - having - 
contact *- I drawi ng 1 (b)] in which the 
titanium-alloy film of titanium silicide film 144 
grade is formed in the pars basilaris ossis 
occipitalis of a hole 136 this time - contact * in a 
hole 136, it is dependent on the thickness of the 
titanium film 142 at the time of membrane 
formation, and the conditions of this alloying 
processing whether the titanium film 142 remains 
[0022] In addition, when there is lower layer 
wiring which this alloying processing is for 
reducing contact resistance more, for example, 
consists of an aluminum system metal membrane, 
this alloying processing cannot be performed, at 
this time, reduction of contact resistance is aimed 
at only by aluminum alloy processing in the 
hydrogen atmosphere of the upper wiring formed 
behind - this - it comes to be alike in this case 
the stage of this aluminum alloy processing - 
contact - a titanium silicide film is not formed in 
the pars basilaris ossis occipitalis of a hole 1 36 
[0023] Next, the aluminum containing alloy film 

143 of predetermined thickness accumulates on 
the whole surface. This aluminum containing 
alloy film 143 is an aluminum system metal 
membrane, for example, is an alloy film which 
consists of aluminum -silicon -copper. Furthermore 
according to the purpose, you may deposit 
high melting point metal membranes, such as a 
wrap tungsten film, a molybdenum film, a 
titanium tungsten film, and a tungsten silicide 
film, or a refractory- metal alloy film on the whole 
surface for this (illustration is not carried out) 
aluminum containing alloy film 143. Next, the 
upper wiring with which the above-mentioned 
aluminum containing alloy film 143, 
titanium-nitride film 141b, the titanium film 142, 
and titanium-nitride film 141a have the desired 
configuration which it ********** s one by one and 
consists of these cascade screens is formed using 
well-known photolithography technology and RLE. 
Next, the surface-protection film 151 which 
consists of the silicon-oxide system insulator layer 
by the plasma CVD method, an oxidization silicon 
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nitride film, silicon nitride films, or these cascade 
screens accumulates on the whole surface. 
Aluminum alloy processing in hydrogen 
atmosphere is performed before membrane 
formation of this surface-protection film 151, or to 
the back. Then, opening of the size about 100 
micrometer** which reaches the upper wiring is 
formed in the predetermined portion of this 
surface-protection film 151, the bonding pad 
section 156 which consists of this opening and the 
upper wiring which this exposed is formed, and 
the semiconductor device of this example is 
obtained [ drawing 1 (c)l. 

[0024] In the 1st example of the above, 
silicon -nitride "film 141a which constitutes a part 
of upper wiring touches the upper surface of the 
layer insulation film 131 directly. For this reason, 
in case a bonding line is connected using 
supersonic oscillation etc. to the bonding pad 
section of the upper wiring, the problem that the 
upper wiring separates from the layer insulation 
film 131 is solved. That is, this silicon -nitride- film 
141a is functioning on raising the adhesion of the 
upper wiring and a layer insulation film. In 
addition, even when the layer insulation film 131 
consists of a BPSG film, there is 90g or more of 
loads at the time of peeling generating in the 
scratch test (it mentioned above like), moreover, 
contact N+ which is a lower layer wiring layer in 
a hole 136 The portion of the upper wiring which 
connects with the type diffusion layer 103 directly 
is the titanium silicide film 144. For this reason, 
elevation of contact resistance is inhibited. That is, 
existence of the titanium film 142 is functioning 
on reducing contact resistance with the upper 
wiring and a lower layer wiring layer. 
Silicon nitride-film 141b which is the 2nd silicon 
nitride film is functioning as a barrier film 
between the aluminum and the lower layer wiring 
layers which are the main component of the upper 
wiring. Moreover, by this example, as mentioned 
above, since it is convenient for forming a 
highmelting point metal membrane or a 
refractory metal alloy film on aluminum 
containing alloy film 143 front face in any way, the 
high upper wiring of stress migration resistance is 
obtained easily. 

[0025] The 1st example of the above is applicable 
also to the semiconductor device which has a 
multilayer interconnection. Reference of drawing 
2 which is the cross section of a semiconductor 
device constitutes the example of application to 
the multilayer interconnection of the 1st example 
of the above as follows. 

[0026] The field oxide film 102 and N+ Type 
diffusion layer 103 grade prepares and the ****** 
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P typo silicon substrate 101 is covered with the 1st 
layer insulation film 111 which consists of a 
silicon-oxide film, this layer insulation film 111 - 
N+ the contact which reaches type diffusion Layer 
103 grade - the hole 116 is formed this contact - 
the lower layer wiring 121 formed on the layer 
insulation film 111 through the hole 116 - N+ It 
connects with the type diffusion layer 103 grade 
This lower layer wiring 121 consists of for example, 
a polycrystal silicon film, a high-melting point 
metal membrane, a refractory* metal silicide film, 
or a refractory-metal polycide film. The upper 
surface of the layer insulation film 111 including 
this lower layer wiring 121 is being worn with the 
2nd layer insulation film 131 which consists of a 
BPSG film, the contact which reaches the layer 
insulation film 131 at the lower layer wiring 121 - 
a hole - 136a is prepared this contact - a hole - 
the upper wiring is connected to the lower layer 
wiring 121 through 136a The structure of this 
upper wiring in the layer insulation film 136a 
upper surface is the structure where the 
laminating of titanium nitride film 141a, the 
titanium film 142, titanium nitride film 141b, and 
the aluminum containing alloy film 143 grade was 
carried out. contact - a hole - the structure of this 
upper wiring in 136a is the structure where the 
laminating of the titanium alloy film 147, the 
titanium film 142, titanium-nitride film 141b, and 
the aluminum containing alloy film 143 grade was 
carried out 

[0027] In advance of explanation of another 
example of this invention, the subsequent 
progress which used for the above-mentioned 1993 
spring by this invention persons and the 40th 
applied -physics relation union lecture meeting to 
report as the foundation is described briefly. 
[0028] The BPSG film by the LPGVD method 
which set AlTEOS to one of the raw materials in 
the above-mentioned report, the silicon oxide film 
by the plasma CVD method which set B;TEOS to 
one of the raw materials, and C; TiOX of the 
interface of the three kinds of layer insulation 
films of a silicon oxide film and the titanium film 
by the plasma CVD method which used silane 
system gas and din itrogen -oxide gas as the raw 
material Its attention was paid. Although all the 
results shown in drawing 11 were data after RTA, 
the change in a load was not uniform at the time 
of peeling generating in a SUKURANCHI test 
before and after RTA. Namely when layer 
insulation films were A and B, the load decreased 
at the time of peeling generating after RTA, and 
only when a layer insulation film was C, the load 
was increasing at the time of peeling generating 
after RTA. the cause which influences the value of 
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a load at the time of peeling generating - TiOX it 
is - although - it thought that a cause should 
exist in others also from this, and its attention 
waa paid to nitrogen [ near / this / the interface ] 
[0029] Although according to XPS nitrogen does 
not exist in a film when layer insulation films are 
A and B, when a layer insulation film consists of C, 
nitrogen exists in a film. Moreover, although there 
is almost no change of the quantity of nitrogen 
which makes TiN when the nitrogen which makes 
the silicon nitride (TiN) by XPS in RTA order is 
detected, and layer insulation films are A and B, 
when a layer insulation film is C, the quantity of 
nitrogen which makes TiN after RTA is increasing 
sharply In addition, although the nitrogen which 
makes this TiN is detected i near the interface of a 
layer insulation film and a titanium film ] when 
layer insulation films are A and B, this is 
considered to be the background which depends on 
a forming [ in the titanium film upper surface ] 
titanium-nitride film. 

[0030] Another example of this invention 
explained below is a ****** thing at the 
knowledge acquired by detection of the nitrogen 
by these [XPS ] etc. 

[00311 Reference of drawing 3 which is the cross 
section of the manufacturing process of a 
semiconductor device manufactures the 2nd 
example of this invention as follows. 
[0032] First, the field oxide film 202 for isolation is 
alternatively formed in P type silicon- substrate 
201 front face, and it is N+. The type diffusion 
layer 203 is formed. Deposition and the lower 
layer layer insulation film 211 which a reflow is 
carried out and consists of this BPSG film are 
formed in the whole surface for the BPSG film of 
predetermined thickness. The nitrogen content 
silicon- oxide film 232 (about nitrogen content, it 
mentions later) of the predetermined thickness 
whose temperature which furthermore used silane 
system gas and dinitrogen-oxide (N2 O) gas as the 
raw material is the upper layer insulation film by 
the plasma CVD method in 350-degree C order 
accumulates. Then, plasma treatment in about 
[ 500W ] power and nitrogen atmosphere is 
performed, and the nitrogen plasma treatment 
layer 233 with a thickness of about 10-20nm is 
formed in the nitrogen content silicon-oxide film 
232 above-mentioned front face [ dra wing 3 (a)]. 
[0033] next, the above-mentioned nitrogen plasma 
treatment layer 233, the predetermined nitrogen 
content silicon oxide film 232, and the 
predetermined layer insulation film 211 of a 
portion ********** one uv one having •* N+ the 
contact which reaches the type diffusion layer 203 
-* a hole 236 is formed Then, the titanium film 242 
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of predetermined thickness and titanium* nitride 
film 241b of predetermined (it becomes 2nd 
titanium nitride film as result) thickness 
accumulate on the whole surface continuously by 
sp uttering and reactive sputtering. While 
performing sputtering of these series, 
titanium -nitride film 241c around 20nm is formed 
in the interface of the titanium film 242 and the 
above-mentioned nitrogen plasma treatment layer 
233 for thickness [ drawing 3 (b)l. Existence of this 
titanium -nitride film 24 tc is verified by XPS 
(explanation here is omitted). In addition, if it 
stands on the viewpoint of structure, this 
titanium -nitride film 241c will become the 1st 
titanium nitride film. 

[0034] Then, the aluminum containing alloy film 
243 of predetermined thickness accumulates on 
the whole surface like the 1st example of the 
above. Furthermore according to the purpose, you 
may deposit a wrap high-melting point metal 
membrane or a refractory-metal alloy film on the 
whole surface for this aluminum containing alloy 
film 243. Next, the upper wiring with which the 
above mentioned aluminum containing alloy film 
243, titanium -nitride film 241b, the titanium film 
242, and titanium nitride film 241c have the 
desired configuration which it **********§ one by 
one and consists of these cascade screens is formed. 
Next, the surface-protection film 251 accumulates 
on the whole surface. Aluminum alloy processing 
in hydrogen atmosphere is performed before 
membrane formation of this surface -protection 
film 251, or to the back. Then, opening of the size 
about 100 micrometer** which reaches the upper 
wiring is formed in the predetermined portion of 
this surface -protection film 261, the bonding pad 
section 256 which consists of this opening and the 
upper wiring which this exposed is formed, and 
the semiconductor device of this example is 
obtained [ drawing 3 (c)l. 

[0035] Although a load is 63.8g and is smaller 
than the value of the 1st example of the above at 
the time of peeling generating in the scratch test 
in the stage of drawing 3 (b) of the 2nd example of 
the above, it has the value which is equal to 
utilization. Moreover, contact resistance can also 
be made low. 

[0036] The following things will become clear if 
drawing 4 which is the graph which shows the 
atomic distribution by the Auger electron 
spectroscopy (Auger Electron SpectroscopyJAES) 
of the depth direction of the nitrogen content 
silicon-oxide film 232 in the 2nd example of the 
above is referred to. 

[0037] First, this nitrogen content silicon-oxide 
film 232 in a membrane formation stage contains 
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several% of nitrogen I drawing 4 (a)]. Next, 
plasma treatment in nitrogen atmosphere is 
performed and the about 10-20nm layer with the 
still higher concentration of nitrogen (namely, 
nitrogen plasma treatment layer 233) is formed in 
the front face by the nitrogen content silicon-oxide 
film 232 f drawing 4 (b)]. Although not illustrated 
here, according to XPS measurement, the binding 
energy of this nitrogen that exists in the 
silicon-oxide film 232 has a different value from 
the binding energy of the nitrogen of a silicon 
nitride (it combined with silicon) (Si 3N4). In this 
example, that by which titanium -nitride film 241c 
is formed on the nitrogen plasma treatment layer 
233 which contained so much the nitrogen which 
has not been combined with silicon in this way in 
order to form the activity titanium film 242 
chemically is conjectured. In addition, according to 
the experiment of this invention persons, even if it 
deposits a titanium film on the insulator layer 
containing nitrides, such as a silicon nitride film 
or an oxidization silicon nitride film, and it gives 
RTA further, a titanium -nitride film is not formed 
in the interface in these cases. That is, it has 
suggested that it is difficult to carry out a 
chemical bond although it is chemically called 
activity titanium to the nitrogen chemically 
combined with silicon. 

[0038] The 2nd example of the above is also 
applicable to the semiconductor device which has 
a multilayer interconnection. Reference of 
drawing 5 which is the cross section of a 
semiconductor device constitutes the example of 
application to the multilayer interconnection of 
the 2nd example of the above as follows. 
10039] The field oxide film 202 and N+ Type 
diffusion layer 203 grade prepares and the ****** 
P type silicon substrate 201 is covered with the 1st 
layer insulation film 211 which consists of a BPSG 
film. The lower layer wiring 222 is formed on this 
layer insulation film 211. This lower layer wiring 
222 consists of an aluminum system metal 
membrane, a high-melting point metal membrane, 
a refractory -metal silicide film, or a 
refractory-metal polycide film. The upper surface 
of the layer insulation film 211 including this 
lower layer wiring 222 is being worn with the 
nitrogen content silicon-oxide film 232. The 
nitrogen plasma treatment layer 233 is formed in 
this nitrogen content silicon-oxide film 232 front 
face. 

[0040] the example of application of this 2nd 
example * - the connection between the upper 
wiring and a lower layer wiring layer - there are 
two kinds of holes one of them - contact - hole 
236a *- it is - this - the nitrogen plasma 
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treatment layer 233, the nitrogen content 
silicon oxide film 232, and the layer insulation 
film 211 - penetrating - N+ The type diffusion 
layer 203 i6 reached, one [ another ] - contact - it 
is a hole 237, and this penetrated the nitrogen 
plasma treatment layer 233 and the nitrogen 
content silicon-oxide film 232, and has reached the 
lower layer wiring 222 these contacts - the 
selective -growth conductor film 246 of 
predetermined height is formed in holes 236a and 
237 This selective growth conductor film 246 
consists of aluminum, a tungsten, etc. the 
conductor film according to the blanket method etc. 
instead of this selective growth conductor film 246 
- these contacts - you may form in hole 236a and 
237 The structure of this upper wiring in the 
nitrogen plasma treatment layer 233 upper 
surface is the structure where the laminating of 
titanium nitride film 24lc : the titanium film 242, 
titanium* nitride film 241b, and the aluminum 
containing alloy film 243 grade was carried out as 
well as the 2nd example of the above. The 
structure of this upper wiring in the 
selective -growth conductor film 246 upper surface 
is the structure where the laminating of the 
titanium film 242, titanium nitride film 241b, and 
the aluminum containing alloy film 243 grade was 
carried out, similarly. 

[0041] since titanium -nitride film 141a exists in 
the example of application of the 1st example of 
the above even if it adopts a multilayer 
interconnection - contact - after forming a hole, it 
was difficult to lay a conductor film under this by 
the selective -growth method or the blanket 
method therefore, the connection which connects 
directly the upper wiring and lower layer wiring 
(N+ diffusion layer 103) of the lowest layer - 
installation of a hole was avoided For this reason, 
the occupancy area for such connection had left 
with the big thing, this - comparing -- the 
example of application of the 2nd example of the 
above - contact - it becomes possible although the 
upper wiring and the lower layer wiring layer (N+ 
diffusion layer 203) of the lowest layer are directly 
connected also from it being easy to form 
selective-growth conductor film 246 grade in hole 
236a and 237 so, the connection for [ this example 
of application 1 adoption of a multilayer 
interconnection - increase of the occupancy area 
of a hole is avoided and becomes very effective to 
detailed-izing of a semiconductor device, and high 
integration 

[0042] Reference of drawing 6 which is the cross 
section of the manufacturing process of a 
semiconductor device manufactures the 3rd 
example of this invention as follows. 
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[0043] First, the field oxide film 302 for isolation is 
alternatively formed in P type silicon- substrate 
301 front face, and it is N+. The type diffusion 
layer 303 is formed. By the plasma CVD method 
used as the raw material, the nitrogen content 
silicon-oxide film 332 of predetermined thickness 
deposits silane system gas and di nitrogen* oxide 
gas on the whole surface, next, the nitrogen 
content silicon-oxide film 332 of a predetermined 
part **********s *• having N+ the contact which 
reaches the type diffusion layer 303 - a hole 336 is 
formed Next, the titanium film 342 of 
predetermined thickness and titanium -nitride 
film 341b of predetermined (it becomes 2nd 
titanium -nitride film as result) thickness 
accumulate on the whole surface continuously by 
sputtering and reactive sputtering [ drawing 6 (a)]. 
In addition, unlike the 2nd example of the above, 
in this example, a titanium-nitride film is not 
clearly detected in the interface of the nitrogen 
content silicon-oxide film 332 in this stage, and 
the titanium film 342. This is considered 
depending on the content of the nitrogen of the 
nitrogen content silicon-oxide film 332. Moreover, 
a load is about 50. 6g at the time of peeling 
generating in the scratch test in this stage. 
[0044] next, RTA for nitrogen atmosphere, 650 
degrees C, and 30 seconds - a line - ** thereby, 
titanium-nitride film 341c around 30nm (for 
details, it mentions later) is formed in the 
interface of the nitrogen (contact - side 
attachment wall of hole 336 - including) content 
silicon-oxide film 332, and the titanium film 342 
for thickness (if it stands on the viewpoint of 
structure) This titanium -nitride film 341c 
becomes the 1st titanium nitride film, moreover, 
contact a hole - N+ in 336 pars basilaris ossis 
occipitalis [ Drawing 6 (b)] by which the titanium 
silicide film 344 is formed in the interface of the 
type diffusion layer 303 and the titanium film 342. 
[0045] Then, the aluminum containing alloy film 
343 of predetermined thickness accumulates on 
the whole surface like the above 1st and the 2nd 
example. Furthermore according to the purpose, 
you may deposit a wrap high-melting point metal 
membrane or a refractory metal alloy film on the 
whole surface for this aluminum containing alloy 
film 343, Next, the upper wiring with which the 
above-mentioned aluminum containing alloy film 
343, titanium -nitride film 341b, the titanium film 
342, and titanium-nitride film 341c have the 
desired configuration which it **********g one by 
one and consists of these cascade screens is formed* 
Next, the surface-protection film 351 accumulates 
on the whole surface. Aluminum alloy processing 
in hydrogen atmosphere is performed before 
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membrane formation of this surface pro tec lion 
film 351, or to the back Then, opening of the size 
about 100 micrometer** which reaches the upper 
wiring is formed in the predetermined portion of 
this surface-protection film 351, the bonding pad 
section 356 which consists of this opening and the 
upper wiring which this exposed is formed, and 
the semiconductor device of this example is 
obtained [ drawing (> (c)l 

[0046] At the time of peeling generating in the 
scratch test in the stage of drawing 6 (b) of the 3rd 
example of the above, although the value of a load 
is simpler for the manufacture method of this 
example than the manufacture method of the 2nd 
example of the above, it is larger than the value of 
the 2nd example of the above, and is 63. 8g. 
Although this value is also smaller than the value 
of the 1st example of the above, it has the value 
which is equal to utilization. Moreover, contact 
resistance can also be made low. In addition, in 
this example, after depositing the nitrogen content 
silicon-oxide film 332, it is possible to perform 
plasma treatment in nitrogen atmosphere as well 
as the 2nd example of the above. 
[0047] If drawing 7 which is the graph of the 
energy spectrum distribution of the nitrogen by 
XPS is referred to, formation of titanium -nitride 
film 341c in the stage in drawing 6 (b) in the 3rd 
example of the above will become clear. Existence 
of the nitrogen which has about 367eV binding 
energy specifies existence of a titanium nitride. 
The peak of this value is divided into two. One 
peak is a peak of titanium nitride film 341b which 
exists from the first. It is proved [ existence / other 
one peak ] that titanium-nitride film 341c was 
newly formed in the titanium film 242 and the 
nitrogen content silicon-oxide film 332. In addition, 
the nitrogen which has about 399eV binding 
energy in the nitrogen content silicon-oxide film 
332 is not nitrogen combined with silicon, as 
mentioned above. 

[0048] The 3rd example of the above can also be 
applied to the semiconductor device which has a 
multilayer interconnection. Reference of d rawing 
8 which i6 the cross section of a semiconductor 
device constitutes the example of application to 
the multilayer interconnection of the 3rd example 
of the above as follows. 

[0049] The field oxide film 302 and N+ Type 
diffusion layer 303 grade prepares and the ****** 
P type silicon substrate 301 is covered with the 1st 
layer insulation film 311 which consists of a BPSG 
film. The lower layer wiring 321 is formed on this 
layer insulation film 311. This lower layer wiring 
321 consists of a polycrystal silicon film, a 
high-melting point metal membrane, a 
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refractory-metal silicide film, or a refractory- metal 
polycide film. The upper surface of the layer 
insulation film 311 including this lower layer 
wiring 321 is being worn with the nitrogen content 
silicon oxide film 332. 

[0050] the example of application of this 3rd 
example - the connection between the upper 
wiring and a lower layer wiring layer - there are 
two kinds of holes one of them •• contact hole 
336a * it is - this - the nitrogen content 
silicon-oxide film 332 and the layer insulation film 
311 - penetrating N+ The type diffusion layer 
303 is reached, one [ another ] - contact - it is a 
hole 337, and this penetrated the nitrogen content 
silicon oxide film 332, and has reached the lower 
layer wiring 32 1 these contacts - - the 
selective-growth conductor film 346 of 
predetermined height is formed in holes 836a and 
337 This selective-growth conductor film 246 
consists of a tungsten, polycrystal silicon, etc. the 
conductor film according to the blanket method etc. 
instead of this selective -growth conductor film 346 
- these contacts - you may form in hole 336a and 
337 The structure of this upper wiring in the 
nitrogen content silicon-oxide film 332 upper 
surface ie the structure where the laminating of 
titanium-nitride film 341c, the titanium film 342, 
titanium-nitride film 341b, and the aluminum 
containing alloy film 343 grade was carried out as 
well as the 3rd example of the above. The 
structure of this upper wiring in the 
selective -growth conductor film 346 upper surface 
is the structure where the laminating of the 
titanium-alloy film 347, the titanium film 342, 
titanium-nitride film 341b, and the aluminum 
containing alloy film 343 grade was carried out. 
[0051] the connection for I the example of 
application of the 3rd example of the above as well 
as the example of application of the 2nd example 
of the above ] adoption of a multilayer 
interconnection • increase of the occupancy area 
of a hole is avoided and is very effective to 
detailed izing of a semiconductor device, and high 
integration 
[0052] 

[Effect of the Invention] It becomes possible for 
adhesion with the layer insulation film which 
serves as a ground of the upper wiring with which 
the bonding pad section is formed, and this upper 
wiring by adoption of this invention to become 
strong as explained above, and to suppress low 
contact resistance with this upper wiring and a 
lower layer wiring layer. 

DESCRIPTION OF DRAWINGS 
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[Brief Description of the Drawings] 

[Drawing ll It is the cro ss se c tion of the 

manufacturing process of the 1st example of this 

invention. 

[Drawing 2l It is the cross section of the example 
of application of the 1st example of the above. 
[Drawing 3l It is the cross section of the 
manufacturing process of the 2nd example of this 
invention. 

[Drawing 4 1 It is drawing for explaining the 2nd 
example of the above, and is the graph which 
shows the atomic distribution of the depth 
direction of the layer insulation film by the Auger 
electron spectroscopy. 

[Drawing 5l It i6 the cross section of the example 
of application of the 2nd example of the above. 
[Drawing 6l It is the cross section of the 
manufacturing process of the 3rd example of this 
invention. 

[Drawing 7l It is drawing for explaining the 3rd 
example of the above, and is the graph of the 
energy spectrum distribution of the nitrogen by 
XPS. 

[D rawing 8] It is the cross section of the example 

of application of the 3rd example of the above. 

[Drawing 9] It is the cross section of the 

conventional semiconductor device. 

[Drawing 10] It is the cross section of another 

conventional semiconductor device. 

[Drawing 111 It is drawing for explaining the 

trouble of the conventional semiconductor device. 

[Description of Notations] 

101,201,301,501 P type silicon substrate 

102 202,302,402,502 Field oxide film 

103,203,303 N+ Type diffusion layer 

111 131,211,311,531 Layer insulation film 

116,136,136a, 236,236a, 237,336,336a, and 337 

contact - hole 

121,222,321 Lower layer wiring 

141a, 141b, 241b, 241c, 341b, 341c, 441,541b 

Titanium -nitride film 

142,242,342,542 Titanium film 

143,243,343 Aluminum containing alloy film 

144,344 Titanium silicide film 

147,347 Titanium-alloy film 

151,251,351,451 Surface protection film 

156,256,356,456 Bonding pad section 

232,332 Nitrogen content silicon-oxide film 

233 Nitrogen Plasma Treatment Layer 

246,346 Selective-growth conductor film 

401 Semiconductor Substrate 

431 BPSG Film 

433 TEOS Oxide Film 

443 Aluminum Film 
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*BPSGflt. B;TEOS»^loHit7'7X 

# * *3 «fc D< 1 HWfc 2 Sr^tw X-rCV 

6 5 3 0«>c73ftjS3ft«iJg (R a 

pid Thera 1 Anneal i ng ; RTA) 
*f7fc*\ X^S/f"?* hfcfTfcofc. X&SWfcMfc 

K^)ffl*iJ:5IWix*3feSnS*H:«-f6i: t A : B : C 
= 40. 0g : 50. 2g:63. SgiP^^t^ 
-3 fc. 30 
[0011] ±le«igcr»^(D^?>lK5 4 2 £J|flHfe 
#A5 3 1 <fc Xi»3fetf?-5>3fefc (X-ray 

Electron Spectroscopy;XP 
S) (ZJ;9iM^i-6^, «<k^^> (TiO x (X*2 
-a) ) *M£ftU ZV)T i O x (OI^IHJ^OCO^^^ 

(cps) d'fffflfefty(5 3 i^/&tc#^d£ 
<^5l«M s f»€>ftfc. TiO x ©XPSSWt^^^y 

1 l**HH-6fc, **^BI5 4 2 £AMfejfiMg5 3 1 

[0013] 50 



#5fM¥7- 7 8 8 2 1 
6 

HffilL4*i-6*r4llft««i, ±l£JBP3*i».a±fle-Cf±C 
<0«(aJt6*flLLffi*:iUt iz* 7 ^ 1 >J«*5 -t 

tF^* >fR:fc J: 2 <7)»b^ * viyitt J: TJ>T Jls 5 

[0015] **Wc0^^fls^ttO»3S^3fecOj(S 1 
Wilt, is!) =>'3£IR<o*ffilc5»IRW(i7^-/wK*fkaR 

RW^fife-^Sxai:. ^f^f3^f^>^< HIST 

<omtrf>m&wfc=v7>7Lx±m8SM&m&T 

TSCaftfl^r^irtl-iXSi:, '>^< i 1 b-tw±ffi^v' 

^ x u i a$Kk 2 a*^^ *-acisnc tt^x 

if -r 6 & &;fl * flg^ ^ xfi i , ^ ;^ f - ^ i §g 



(5) 



&M^7- 7 8 8 2 1 



10 0 17] *36«©^»*!Sllwa43g^Jifeo5fB 3 <o« 

zmtft-rzxmt, 'pK< ki>±tz> ] j ^>&&mmz 

7 J: t/ 1 SKk 2 tE*#**HCi|sH<L Ufc/y X 

^CVD*tCj:0^fiJlSJx5«tfk->y a^W^btti* 

fc< £*>TA^ *&JRK&ag/*-r6Xf£*. 0f*<C»flHj9f 
[0018] 

[ooi 9] ^*«cjsito«itxm<o(»aff!a"c*>'6iai 

(0 0 2 01 if^ Pffi^V =»^fi«l o i*ffiU(iat 
fl5l30rs£JBI/|CcoBPSGMIdsjg|B t >jya-^fi, Z<0 

BPSG«^f>^5SWift#jgii 3 nw^n^ ^ 

<0j|fflft&Mff 1 3 1 ^JBIfefi. 0>J;ttf T EOS 
7)loi;Lyi:LPCVDte-C*)^ Rfc?1**'<y* y > 

^u:£tK ^antc^KD^b^^v CT i N) JW-cfca 

WitliBW 5 0 n mS«a>»fc^* >il4 1a 
$ni fl ^fcOT;*- b v y^77^m RIE 

«r/Btvc s (TIEilt^i) N + 1 0 3 9? 

([391 Ca) ) . JPm«IM££ Ltfi, BPSG 

[ 0 0 2 1 ] &!r, ^/'y^DV^, fcjrt^siCtt-x^ 

(T i ) H£l 4 2 ±r, # 2 W»fc^* >WT-*>*W 
^.tfflffJ?! 0 0 n mTiJ(EtO£rb7 t ^>lBf 1 4 I b £ 



>->y kjk i 4 4^^^^ >^&jb&w#/s!g£*i 

b m\ (b) ] . ZCObZ, = hTLl 3 6fc::fc 

* >»t 1 4 2 coJOIW i: - tAM^fctf: t 

[0 0 2 2] life, ^o^^ikSftatia^^^ Hfttt* 

[0 0 2 3) £ffilcj^j£&j*a>rA'$S'£Htl 4 
3*;igfc$*x£ 0 dWTVV-S^&IK 1 4 3ttTA-S3R£ 

urea**, zhiz&mzfocx, m&uLtwA*) z 

ffi. R I E£m^X s ±)ET/u^a'Afflil 4 3, »fc^ 
^>KUlb, ffVH42, »tf^>«14 1 

5X7C vomit.* 3>^JI&»)K, »flsSft: 
^y=>Bs. t>u< liUF.m^y ^^ffli, ^^v^icn^ 

#I^X'©7;W; •Tn-fteaii, C.cD|SeS^2fSlll 5 

®(*hi^ i s i o0f^«gp^^(tjtJiffi»tcai'f*6 1 o 

%h)x% mi (c) j a 

[00 2 4] ±SS» 1 £>»fcffl-CMt, ±*B£MlW-«B«r 

utflte-t- a»txy 4 1 aw^joii 3 1 

bmtizb^iMmtmmztiz. -t*&h. z^mit 

ftZmtfiZZblzmtlZLXit**. nc*>\ JBRQI&MJDC 1 3 
l^BPS GKA^/xS^-CL, (»Wi2fiUt J: p ic) 

XtVy+TTs hfU5^6$t|iX^^B^0^lt 9 0 gi^J: 
hTL 1 3 6K*$^T* 

50 SB^fi. Ty>-/Uf^Kll44^5. -I^fc*!>. 



<6) 

9 

^»*Wft-C*36T/u? i:T»fiE3l««i:<0W<o/<y rW 
i: LTflMELT^a. *Jfc-tiELfc<t?K:* 

[0 0 2 5] 1 <0£Jffe#jii, *Siffl»**1-5H 4 

[0 0 2 6] 7 ^ KSStftJt* 1 0 2, N + ffltt»Jil 
OS^ifiltfjTfcPg^J/aVftRlOlli. Wkis 
If 3^JR^^6*loSM*fe»IKi t lK<fc 
t^5, r<75*IB3ite^mi 1 lKlli, N + SJMfcJIl 0 

Writ P>itfcT»El» l 2 i Ji, n + SfcfcS l 0 3 ^l; 

^y^K, y im m*> 

#12 1 ^-tfe^SW^^ 1 1 1 (0±»tf\ BPSG 

m^^^^^2ofiisaiifeiu(i 3 uc£9#fc>nx^ 

6 U VffifetftKi 3 l Kte, TBfiE^ l 2 l icirr* = 
y?? hfL 1 3 6 a tfJJSff? 6*1X^-5. ZtoaUtth 
?Ll36a^Lt, Ji«aeilSlflT«fti» 1 2 1 (llfelft 

^M*ixfc#IJ&Tfc5. -hftl 3 6 aK-fetf 

K142, 4 1 b*5 ( fctfT/l'$&&Jfltl 

[ o o 2 7 J *W%<F>%\<n%1&m<o8LW\z9ti£r>x . # 

&W#b^&ZM'&<r> 1 9 9 3*p#aps #4 OEUS/fllfc 

ICov ^XffifSK&^Xio* < . 40 
[00 28] ±S&$&£Xli s A ; T E O S &UR**£> 1 O 
^LtLPCVD^:J:6BPSGE B;TEOS^ 

mn<o ioi ifc^xvc vDjsfe^jzsK-fb^y ^ 

IK. *J£0<C ; ^7^&;tf*#J:(/l«{fc2S#;y;** 

jbcishc l*.^ x-?- c v D?fciw x bustix.*/ y =« >&<o 3 

RT Atfj^X'O*? 7>fr^ h^*3tt63WK 
»^B#AoffiW*IJ?j(//-i»-C*i//A*ofc (a f/j:fet>, IRQ 



;6) 7 - 7 8 8 2 1 

10 

[0 0 2 9] XPS(wJ:6^, SW»»W*SA*5J:t5B 

!5^^*#^(C(4IK^^2*3jS^-f5. RTA 
3to&T<ox P stcj:6^ti/y ^> (TiN) 4r/j:i-ffi 
10 JfPJJft»«^Ai3j:t/«B^*^tw 
(IT i Nfe/t+a«tf?ttl:(03E{t:ttl3EtA/iVjrv^s m fg 

[oo3o) eiT^taw-t-***w<o»ii<o?&awrt, C 

[00 32] if 4 Pgl->y 3^SK2 0 l*ffi(Ctti8 
ft. N + m&M 2 0 3^$M. ±®lc^fmiB5J? 

7^^MSf^2I^ (n 2 o) 

7X7fea^$K Jt!Ba**#»tvy 3>«2 3 

2^5tC/?5 1 0-2 0 nm^Oil7'7X'7jiaiS 
2 3 a&m&&tlZ CIS] 3 (a) ] . 
[0 0 3 3] ^tC, 0f^cO?fn^cO_hSG«9^^7X^toS 

10 hH 2 3 6 »^^5, j^V^X, ^ 

®;iRfT^^<05 L ^^2 4 2h LX?ft2^ 

a^tf^vMit/jjs) m^^^ft:f-^y^2 4 i b 

® 2 3 3 fc<E>*ffiKttIBWai 2 0 n m^'^CO^bf-^ ^ 
512 4 1 c«?n6 CSCJ 3 ( b) ) . 

0 io/j:ib»f t Z(T>mti-9>^2 4 1 c as|S 1 cO^fb^ 



(7) 

11 

a. 

BtolCJSa-C, :W7/P^M2 4 3«r«iJl»^i 
l\ Zfetw, ±ET/P?'&&jR2 4 3, »t-^^^HS2 4 

**»W<0^*£R;fis»e>Jx6 [|3 3 ( c ) ] . 

10 0 3 5] JLK»2«o»fiw<Dig3 Cb) co&te-eco 

[00 3 6] ±.E»2<Ol|Jfi«twio*t*ttll8«*«E^v' 
y =>SI2 3 2<OtS*^Pl<0^— v/*«-7-##& (Au 
ger Electron Spectroscop 
y ;AES) K J: £JJ&^#tfi£^-t^7 60 4 £ 

[0 0 3 7] *1\ fiRWft«-e(OCOa5R^*i(E<t^y 

(a) I • mi^#ffl1rC-C , c07'7X-r^^^tl 

S#£*rHKbv y=^«2 3 2 T-tt. ^ffiir 10- 2 0 30 
7^iftli2 3 3) «?|lT^a [El 4 

(b) ] „ dcx-iaia^Kcv^ xpsmfetzxz 
t, mt->v 3>Bi2 3 2 ^i-^te^ar^g^as-a* 

(si 3 n 4 ) o^^^^^^^-i^^^fl^^r 

■cv^t^^^r^tii^A/^sd^^x^Aaaaz 3 3 

±ld. flS^W(cfl&tt/j;f-^^JK2 4 2£*KIBt-f6fc*!>, 

[0 0 3 8 ] ±3e#2<^*fc0iji 1 . $m8m&#i'o¥ 
6E1 5 ±IB3B2«iei6^JW^Jite«ft-cO 50 



(7) 4*H!¥ 7- 7 8 8 2 1 

12 

[0 0 3 9] 7 KSHfcBt 2 0 2, N + £&tttJg 2 

0 3&&&fthTltT>&>sV =* >£&2 0 It*. BPS 
G^b^6^l^F-mM2i ifc*!)*fcjtx-C^ 
6. zco5fflffiJtffi2 i i±ir»iTJ16y*2 2 2jPlStt 
^HT^6 a ~c9TS8a&2 2 2 tt, 

&JR*?y i^-f KBWa^fc*. :^T»ffi^2 2 2§:^ 

10 fl$2 3 2lc£9J»fc>;h,TV*5. I©t^tfi»ik'>!) = 
^f&2 3 2^®iwti, ii7 , 7^1i2 3 3« 

[0040] z<o»2<o^tfe«<oia««!-ci±. ±m&m 
33. «*^w«{fcvy 3^W2 3 2*sj:t5snnift»a 

^&&«2 3 3fcj;^*^(tt^'>y =X«2 3 2£ 
20 JtaUTr*K»2 2 2U5tU-C^6o ^fth^>?? 

h?i2 3 6 4, 2 3 7^i, ffim<om%<om$M*km t *> 

<*l«2 4 6aqm&*LTt*-5. ccoa^ft***lR2 

h?L2 3 6 a, 2 3 7^ 
lz.mfcLXi>^\ ^M-fyX^^mM2 3 3±ffil^*> 
«tSw*0±«fit(l(0«i&tt % J:ffi*2 0jttfitt£|SMt8 

3E{fc^>U|2 41c, ^>J&2 4 2, 
V«2 4 1 bt6£V t T/l>*&&m2 4 3 ^flMSilfc 

30 «irc-&s, »H4/«ftaiw:«:tt2 4 6±ai^*5»tSwW 
m24 i b*5J:a { T/w5^ifejjl2 4 3*aq*f Sixfcfll 

[00 4 1] ±SEK5 1 ^^JE^JOii^^i-C«, 
^£lT(>titf^>01 4 1 a^#€£i-*fc«!>, =» 

0 3) t*i£»^ftj|«1-a«tt?L<oM»4ji|ltfeixT^ 
^iim^jT'li, ^ >^ hfl.2 3 6 a . 2 3 7|^ICi»^ 

0 3) t*ii:«s(c#iKE-ridS3risetc//a. -titsfc. 

[ 0 0 4 2 ] ^a»f*3RlcoKi3tXfSI(75ttfr3SaX-foS2l6 



13 

{0 04 3} pm-yy =>^3o i*a5ictta 

I BSKfc 2 £ &JB**K ^cvdSI:J: 

81 3 3 2tf*y1->y$h^ N + Mfefe*3 0 3\zm-T 
fcav** h?L3 3 6#^J*3*.-5. ^s^V 

WW<D** v«| 3 4 2 4: . LXM 2 w»fc^* 

0r£ffi«<o£ffc? L *>'I?&3 4 1 bk&imft 

mzim$n& [®6 ( a ) ) . te&*m&mxn, ± 

3>K3 3 2 b*-*>1&3 4 2 £<a#®fc£;^T, 

10044] 6 5 0T:, 3 0#<7>R 

TA*5fr/jejx6. CJUcj;^ <=> :/ 5 * ML3 3 6 <r> 
MytZ-aftX) it*^*-»ft>y =>>1«3 3 2 
!Dt3 4 2 i^ffi^H, W*S3 0nm«ltt©IflSf^ 
>JI*3 4 1 c WJNBli. t£#T5) (« 

6I^i:*5ltiN + HS£lfeS3 0 3 £^*>15S3 4 2 

<o*ffitcii^ f-^v^y KW3 4 immztiz 
me (b) ) . 

[0 0 4 5] tt^T, JiSiSBl. S¥2O»60i]£IB]« 
£ffifc^£M«or^* £&Dt3 4 3«siftaS"ii 
$ fctCiWlCfcCT* Z<DTfr*&&m3 4 3££ 

UT<>J:v\ ±£T/U5^JK3 4 3. »fc^^ 

Vjy{3 4 1b, f^»H3 4 2 ( »tf-^VjR34 1c 

wSB^lc«±Jift|»^iS1-6 1 0 0 a mGM^^ $ 
±M6SMk fab -of '/VKSli3 5 6#flg 

(Cj J o 

[0 0 4 6] _tlB3B3<0»fiWS>® 6 Cb) co^P&X'^ 
^^J^$i!jit^^ 1 ±52^2cr>^5S^j£DJ^iI^&Jc Oft* 
<, 63. 8gX*fo6 0 Croat, Jile3B 1 tO^»]cOt£ 



(8) ^^-7 -7 8 8 2 1 

14 

[004 7] XPSi:J;^^x^- * h 
^*^^7^T-*)6ia7&-#B8'f-6^, J:£$8 3 0>3& 
Jfi(WiC*3tt5Sl6 (b) TM03ftte^»fc7-*X]R3 4 
1 c^M^^^^S, 1513 6 7 eVO^^ 

^ <&C9 1 o©tf-*fl>|?aEI;i % ^5^)1112 4 2 

3 4 l c^m^tl^Z^^SELX^h. 
■^WWbvy 3»»3 3 2 9 9 eV^x t 

/^-$r*r-r<5S5Rtt. 8fti£ Little, -V^y^ 

[oo4 8i m3£o«^ 

CO 0 4 9] 7^-/UKK<t0|3O 2, N + S*«:»S3 

o 3*>^sa:^p,rfcPS^y =>>affi3 o in, bps 
gmia^*&» i aJBw&itfliEs i i tc on^nr^ 

C^SWitel*JK3i lJilctt, TJiiSfilSl 3 2 l *sjg 
f&£KTv>£ 0 ccorigSdM3 2 l 

30 «r^a«>fcJBW<fe«feiW3 i KOJbffili, Si^tiMkv'y 
[0050] r©»3<7?^J6fij<z?ijffflWici, ±«g£^i 

^ ^7L3 3 6 a -e**?, CnfiSJU^K^^yaV 

13 ^ 2*3X0=8 MtetftBI 3 1 1 5:iriiUXN + 

«3 0 8tCJiLTV>6. «'J<OlO|i3^^^ h?L3 3 7 

xTm&mz 2 i cauxv^, c^^^^^^hfl.3 

3 6a, 3 3 7 ICtf, Bt'^^A' $ OiS^ftMWt^fll 3 

40 4 6^jsst^e>a-ci^ 0 croa8«i«**«:#iBi2 4 6 

C<Oi!liRfijt**18:i*ffi3 4 6<0-ft!?(C, /7^^^ 
VlCJ:53»l««cJBI*cii(b3V^^ h?L3 3 6 a, 33 

fcWHilw. ^b^^>ji»3 41c, f^y»3 4 2, S 

ik^f^mz 4 i b^xt/r^-: &&JK3 4 3^fli.)B 

e^fcW^T**)^ SK^ft^ttcJl«3 4 6±ffi»C*J«t 
6C(O±j3ie«£lC0Witl4, f ?y^Il3 4 7 ( 
SO ^3 4 2, mt'f?>1&kZ4l\>H&<$Tj\<>*'£iMZ 



15 

10 0 5 1] _hia|B3C0^lFfe^JCO^iffl^l^ii^m2C0^ 
[0 0 5 21 

<7>±SiElfcOTi£ t * * JgKfelMI t <r>«*t*a*3il < ft 

a, 

[04] ±ffifE2O^«iWfe»Wr53t*!><0[a-C*)9, 
[El 5] ±l2SR2(DSSftOTW«^!W(OafraS®-C-*)'S, 

[me] *»wo*3©igjfe«^«»xe<oit(fffiig-cte 

5. 

10 7] ±ia»3<0*Jfi<«SrlitW1-6fc*Oig-C*)!?, 



(9) ^?7 - 7 8 8 2 1 

16 

[Si 1] ^0^*»B^raJ8^S:tt«i-5fc«)W 

101, 201, 3 0 1, 5 01 Pffivy^VSIS 

102, 202, 30 2, 402, 502 A' 
KSKfcJBI 

1 0 3, 203. 303 N + 
111, 13 1, 211, 311, 531 
A* 

10 1 1 6, 1 3 6, 1 3 6 a, 2 3 6, 2 3 6 a, 23 
7 , 336. 336a. 3 3 7 = > * * h ?L 
1 2 1, 2 2 2, 3 2 1 TM&B 
141a, 141b, 241b, 241c. 341b, 
341c, 441, 541b Sfc^VJK 
14 2, 242, 342, 542 ¥9 
1 4 3, 2 4 3, 3 4 3 7/^; 
1 4 4, 3 4 4 KJK 

1 4 7,3 4 7 

151, 2 51, 351. 451 &cSte&ag 
20 156, 256, 356, 456 jjfyf^^-^' 

232, 332 mm^mit^> va^-m 

2 3 3 ffi3B7 # 7X-^fti3B» 

2 4 6, 3 4 6 m^^m^wm 

4 o i 

4 3 1 BPSGJ& 
433 TEOSKM 

4 4 3 T/VxflS 



(SI 2] \ms] 




(10) 



^7-7882 1 



[Ell] 




[121 3] 

232 ft^ 233 M 77*1 



233 i* 77*2 „„- M ~-- 




(6) ) ( \ 233 
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Binding cnogy (eVJ 
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ftM¥7 - 7 8 8 2 1 




[SI 9] 

,451 ttafcau* 




44/ ©LT^I* 



im\ o] 
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